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TRACK SPARK CHAMESR FOR OBSERVATION OF HIGH ENERGY
NUCIRAR  INTERACTIONS.

G.E.Chikoveni, V.A.Mikhailov,V.N,Roinishvili.

Institute of Physios of the
Acadenty of Sciences of the
Georgian SSR

Rapid growth of the number of experiments in the field of physics
of high energy particles made necessary ereation of new types of de-
tectors for charged par?icles. A spark chamber is one of such detec-
tors; different types of this chamber have found wide application in
physical experiments. But the principle of their operatian-vas.the
same a8 in the first works made by S.Fukui and S,Miyamoto .

We have offered another in principle method for registration of
particle;zig/p spark chamber based anvthékso-called strack" regime of

Yy

its work . At this regime the chamber works as a real track device
rebroducing tracks quite similar to those in a cloud chamber.

The present paper is devoted to the results of the study of pro-
perties of a .track spark chamber.

in a track spark chamber the development of streamers is arti-
ficially broken at an early stage and the track of a particle is ob-
tained as luminous colums sit..ted om the trajectory of the particle.
Tﬁe length of the colum in the direction of the electric field is about
several millimetres gnd their average width is about two millimetres.

The track chamber , unlike ordinary spark chambers, gives an

exact space reproduction of tracks of particles moving at arbitrary
angles wit!. respect to the electric field.
The experimental device used to study properties of the track

chamber is shown schematically in Pig.I . Chamber /4/ is s rectengular
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gless box, its size is IOOcm x 60cm x 20cm { the last number is the
depth of the chamber ) glued with exopide gum. The chamber is filled
with neon of "especial purity" at the Pressure of I atmosphere.
Stereophotography of tracks is performed through electrode grid /3/,
The high voltaée pulse from a Marx pulse generator with the equiva~-
lent capacity of 200pF is applied to this electrode. The duration of
the pulse is regulated by the change of the distance of shunting |
spark gap /5/. The operation of the chamber is controlled by the
coincidence of Geiger-Miiller counters /I/, /2/. An electronic cirouit.
allows to change the delay time ‘T4 between the passage of a particle :
and the triégering of the high volﬁage pulse generator within the 1
range I+ 200Ksec. A. separate camera is used to take photos of tracks
through a side wall, !
Examination of the photos obtained through the side wall of the

chember /¥ig.2/ shows that at long durations of the feeding pulse > {
-7 .

!
:
)
:

I0 sec the discharges spread from one electrode to the other /Fig.2a/
and have a cluster form with a nod situated in the point of the posi-
tion of.o. primary electron. Some decrease of the pulse duration

leads to ghe detachment of discharges from the chamber wall and to
their localization in the volume of the gas /Fig.2b/. If to decrease
further $he duration of the pulse to about 5. IO‘-8 sec one can obtain
the length of stireamers about some millimetres. Then their brightness
sharply decreases and taking their photos from the side wall becomes-
rather difficult . But the brightness of streamers along the direetion
of the electric field is sufficient to obtain photos of high quality.
Further significant decrease of the duration of the pulse leads to
disappearance of the luminous centres. Duration of the pulse at the
"track" regime can be changed in a very narrow interval which is equal
to some nano seconds. This interval is by the order of magnitude equal

-
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about I0% of the time necessary for the developmsnt of an electronic
avalenche and its transformation into streamers., When the amplitude
of the high voltage pulse is decreased, the time of the action of
the pulse should be made longer and vice versa , it should be shortened
at the incrqa.se of the amplitude.

All these facts imply very strict requiremsnts on the formation
of duration of a high voltage pulse, In the case of fermatiom of
duration of a pulse by means of RC-chain, it is difficult to achieve
the same good registration of both large groups of particles and of
a single particle, If to tune the chamber for the *track® regime for
a single particle then at the passage of a large group of particles
the tracks of a shower will be indistinct b?caune of a slight decrease
of the high voltage pulse at parasitis inductances. And in the case
of tuning of the chamber for the "track®" regime for a group of par-
ticles, streamers will be overdeveleoped for single particles., The
method of formation of duration of the high voltage pulse by means of
a shunting gap has no these disadvantages. In the case of the passage
of a group the decrease of voltage '113 automatically compensated by
the increase of the length of high voltage pulse which ocours beéiauu
of the increased delay time of the breakdowm of the shunting gap.
Wile operating with the shunting gap we obtain in the chamber tracks
of high quality both for single particles /Fig.3/ and for the group
/Mg.4/.

The examination of stereophotos shows that the eoordinates of
luminous centres along the direction of the eledtric field can be
determined to an accuracy of two millimetres.

Different characteristics eof ﬂ’u' spark chamber at the *track"
regime were studied. They include: the number of luminous colums,

the width of the eolums and root mean-square deviation of the colums
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from the real trajectory depending on the delay time between the
passags of the particle and the moment of supply of the high voltage
pulse,

At the "track" regime tracks of high quality in the spark cham-
ber were obtained in all the interval.of delays studied by us :

I+ 200}isec /Flg.3 and Fig.5/. At the increase of delay the width of

the high voltage pulse should be increased a little if one wishes to
obtain tracks of high quality. So, for instance, at the increase of

the delay time till 200ftsec the length of the pulse should be increased
for 5-7% in comparison with small delays of the order of Irsec.

The width of the c¢olums at small delsys fluctuates very slight-
ly and at the delay T4 = Irsec the mean value of the diameter of the
colums is I.6mm., The fluctuation of the diameter of the colum
slightly increases with the increasing delay.

The numbef of luminous colums increases very slowly with the
increase of the delay, At the delays smaller than IIrsec the number
of the luminous columns h/ per Icm of the track is equal approximately
to I.4 and at the delay of 200rloo to 2,8 .The number of luminous
columns at the "track" regime is about an order smaller than the num-

ber of the primary electrons.

At very big delays 'tdzzoorsec root mean-square deviation of lumi-
nous centres - from the trajectory of the particle coincides with the
diffusion deviation of primary electrons, The dependence of the root
mean-gsquare deviations of the luminous colums from the real trajectory
on the delay time in the range Ié-IIrsec is given in Fig.6 . The expe-~
rimental points are plotted as triangles, The mentioned errors corres-
pond to two standard deviations, The so0lid curve corresponds to the
diffusion of primary electrons in neon at the value of the diffusion

coetficient 922 x 10° cnP/aec.

A8 one can see in Fig.6 the experimental points lie much lower

4
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than the diffusion curve and the discrepancy cannot be explained by
the errnrs of measurement, The discrepancies are caused by the nature
of the spark chamber operation at the "track" regime, They indicate
that at small values of delay time and at the duration of the high
voltage pulse necessary to obtain the “track" regime electron clus-
ters have the main part in the creation of luminous centires and not
single electrons. Avalanches crented by such clusters firstly reach
the critical size necessary for the transformation: an avalanche -
streamer earlier and secondly they fluctuate less than avalanches
created by single electrona. The results of the calculation of avalanche
fluctuations created by different number of primary electrons are
given in Fig.7. The distance passed by an avalanche in the electric
field is put along the abscissa axis in the units of {3 0 %Q ( where &K
is the first coefficient of Taunsend ) and the probability of an
avalanche transformation into a streamer after passing ﬁhe distance
in the electric field is put along the ordinate axis. It is natural
to assume that two electrons at the distance less than the size of
the luminous colum d » in our case I,6mm, form an electron cluster
and create one avalanche, On the other hand, while developing in the
electric field, one of the avalanches, because of fluctuations will
be progressing quicker and will be transformed into a stiteamer , and
then it will supress the developmant of the near by avalanches by its
volume charge field. Therefore there should be some distanceV’/earer
which two avalanches will not develop into a streamer at the same
time/A/. It is possible to estimate that for the case of the "track"
regime from the observed number of the luminous colums at small delays
(T&:Irsec ) o= 6,7mm.
To calculate the visible width of the track depending on the
delay is very difficult in the general case. But it can be estimated
easily in the two extregg_gggsii}!pen the diffusion width is so big
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that the mean uiatance between the adjacent electrons is much bigger
thea d . In the first cuse the fluctuation of the centre of the

electron cluster from the real trajectory will be

6.

6 = J—r;\’

where M 15 the mean mumber of electrons of the cluster., The calculated
value for the delay T}:Iraac is shom in Pig.6 by a circle.

In the case of big delays the colums develop from single pri-
mary electrons and tnevs!ore the observed width should coincide with
the iiffireion one,

In Fig.R there zre shown the results of the appearance of strea-
mer: witn the tipe, The calculations were made with taking into account
ine flucturt®.p , e uevelopment of avalanches, cancellation of
avaignorie. oo by avother and clustering of closely spaced electrons

inte ome i rul-iicte, Aliny the abscissa axis the distance is put passed

by sv:linenes: oo ine oliztric field and the number of the visible
cenlirea v 2l a(¥s tawtee {3 put along the ordinate axis.

As . .1 wrre i Yig.Q avalanches begin to transform into strea-
mers afies L. o . re field the way (.= 0.89&mesx . During the
tine when aval- © .nx the way from 0, qngm to 0.93£mw‘( s 90%
of all the ceatr. © vl siuld have developed, already reveal them-
selves. Thus the w: - irsnsformation an avalanche - luminous centres

takes about I07 of L« {.tal time of the track formation. The further
ifcrease of the pulse will lead to the change of the trask to the
worse. When the delay is increased, as it follows from Fig.§ , the
reveelation of centres should begin later. Therefore the required
duration of the high voltage pulse should be correspondingly longer.,
At the delays T4=200psec, as it follows from Fig.§ , widths of the
pulse should be for 5% bigger than at small delays and it is well
confirmed by experimental observations. Besides, s it is8 seen from

the figure, the process of the trunaformation an avalanche~streamer
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at small delay times /Ipsec / takes less time than at big delays

/ 200psec /. Therefore to the end of the pulse, at small delays, in
agreement with the experiment, the sizes of the luminous centres
should have less spread than at big delay time. The number of lumi-
nous colums calculated according to this model agrees well with the
observed ones,

In conclusion it should be noted that in the "track" chamber one
can obtain tracks about I metre long and even longer, at the same time
luminous colums are very <closely spaced with the trajectory of the
particle, All these facts have fundamental importance for measurement
of a charged particle pulse in a magnetic field. For instance, the
maximum measurable pulse of charged particles for our chsmber should
be equal to 300 BeV/c ( at the delay time Tg = Irioo, at the length of
the tracks equal to I0Ocm and the strength of the magnetic field

egual to 7. 103

oersted ).

) It seems that the track spark chamber is a very perspective device
for studying various problems of I‘ligh energy particléa because of its
exact reproduction of tracks of particles in the.space and registration
both single particles and large groups of particles as well as the

tracks of the particles generated in the chamber itself,
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Figures to the baper of G.Eecﬁikovwi,
V. A.Xikaailor, V.E.Roinishvili ®frack Spark Cramber

for Observation of High Energy Nuclear Interaoctiong =,

Fig.I The scheme of the device:
I-2 - Geiger-Miiller counters,
3 = Grid electrodes.
4. - Glass box filled with neon (size 100cm x 60cm x 20cm),
5 - Shunting spark gap.

Fig.2 TPhotos of charged particle tracks in the spark chamber,
taken through the side wall,
22 - Photo of a track at the durttion of the pulse > 19~7 sec,
2b - Proto of a track at the duration of the pulse5,1072,

not short enough to obtain the track regime,

Fig.3 Stereophoto of a single particle track at the operation of
the chamber at the track regime.

g, 4 Stereophoto of g shower of particles at the operation of
the chamber at the track regime.

Fige5 Photo of a track at the delay time between the passage of the
particle and the 8upply of the high voltage pbulse T4 = 200,-1 sec,

Fig.6 Root mean-square deviations of luminous colums from the
trajectory of o particle as a function of T, . Triangles are
experimental values, ( Errors Plotted in the figure are equal
to two standard deviations Y. The circle is the calculated
value of the root mean-square deviation for en electron cluster

with the "multiplen equal to 3,9 ,
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Fig.?7 Probzbilities of the tranaformation of an avalanche into a

streamer depending on the length of the way passed by an
avalenche in the eleciric field at different initial number
of electrons =~ rh

Fig.8 Dependence of the number of luminous colums ( in relative
units } on the length of the way passed by avalanches € ,
in the electric field, for different values of Ty . Curve I is

for Ty= I pseo, and Apgl.44 . Curve 2 is for 7,=10 p sec, and
Mmaxz I.5 . Curve 3 is for Tz 200y sec andN:4.48 .
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Fig. 2b

Fig, 3
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Fig.4

Fig.5
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